Regular exercise is shown to exert anti-inflammatory effects, yet the effects of acute exercise on cellular inflammatory responses and its mechanisms remain unclear. We tested the hypothesis that sympathoadrenergic activation during a single bout of exercise has a suppressive effect on monocytic cytokine production mediated by b 2 adrenergic receptors (AR). We investigated the effects of 20-min moderate (65-70% VO 2 peak) exercise-induced catecholamine production on LPS-stimulated TNF production by monocytes in 47 healthy volunteers and determined AR subtypes involved. We also examined the effects of b-agonist isoproterenol and endogenous b-and a-agonists epinephrine and norepinephrine, and receptor-subtype-specific b-and a-antagonists on TNF production in a series of in vitro investigations.
Adrenergic agonist Beta blocker Cytokine regulation Exercise Sympathetic activation a b s t r a c t
Regular exercise is shown to exert anti-inflammatory effects, yet the effects of acute exercise on cellular inflammatory responses and its mechanisms remain unclear. We tested the hypothesis that sympathoadrenergic activation during a single bout of exercise has a suppressive effect on monocytic cytokine production mediated by b 2 adrenergic receptors (AR). We investigated the effects of 20-min moderate (65-70% VO 2 peak) exercise-induced catecholamine production on LPS-stimulated TNF production by monocytes in 47 healthy volunteers and determined AR subtypes involved. We also examined the effects of b-agonist isoproterenol and endogenous b-and a-agonists epinephrine and norepinephrine, and receptor-subtype-specific b-and a-antagonists on TNF production in a series of in vitro investigations.
LPS-stimulated TNF production by peripheral blood monocytes was determined intracellularly by flow cytometry, using an intracellular protein transport inhibitor. Percent TNF-producing monocytes and per-cell TNF production with and without LPS was suppressed by exercise with moderate to large effects, which was reversed by a b 2 -AR antagonist in spite that plasma TNF levels did not change. This inhibitory response in TNF production by exercise was mirrored by b-AR agonists in an agonist-specific and dose-dependent manner in vitro: similar isoproterenol (EC 50 = 2.1-4.7 Â 10 À10 M) and epinephrine (EC 50 = 4.4-10 Â 10 À10 M) potency and higher norepinephrine concentrations (EC 50 = 2.6-4.3 Â 10 À8 M) needed for the effects. Importantly, epinephrine levels observed during acute exercise in vivo significantly inhibited TNF production in vitro. The inhibitory effect of the AR agonists was abolished by b 2 -, but not by b 1 -or a-AR blockers. We conclude that the downregulation of monocytic TNF production during acute exercise is mediated by elevated epinephrine levels through b 2 -ARs. Decreased inflammatory responses during acute exercise may protect against chronic conditions with low-grade inflammation. Ó 2016 Elsevier Inc. All rights reserved.
Introduction
Stimulation of monocytes and macrophages by microbial products, such as bacterial cell wall compounds (e.g. lipopolysaccharides, LPS, and peptidoglycans) triggers a complex cellular immune response that activates the production of multiple molecules, including proinflammatory cytokines such as TNF, IL-1b, and IFN-c (Petrovsky and Aguilar, 2004 ). TNF plays a major role in local and systemic inflammation and helps to boost innate and adaptive immune responses to bacterial and viral infections (O'Brien et al., 1999; Strangfeld et al., 2009 ). However, a sustained production of TNF during persistent inflammation caused by chronic infections or obesity has been implicated in the progression of variety of human diseases, including autoimmune diseases, cardiovascular diseases and neurodegeneration (Berg and Scherer, 2005; Kollias et al., 1999) . Understanding the triggers and regulatory mechanisms of monocytic production of TNF during normal to exaggerated immune responses such as during chronic infections (Kiechl et al., 2001 ) may contribute to developing strategies to maintain a healthy and balanced inflammatory response.
Regular physical activity is promoted for its protective effects on a wide variety of chronic inflammatory diseases, especially cardiovascular disease (Mathur and Pedersen, 2008; Smart et al., 2011) . Reports of how acute exercise affect inflammatory cytokine production are inconsistent: pre-to post-acute-exercise, plasma levels of inflammatory cytokines, including TNF, increase (Moldoveanu et al., 2000; Starkie et al., 2001) or remain unchanged (Starkie et al., 2005) ; LPS-stimulated cytokine production in cell supernatant increases (Goebel et al., 2000) , decreases (Drenth http://dx.doi.org/10.1016/j.bbi.2016.12.017 0889-1591/Ó 2016 Elsevier Inc. All rights reserved.
